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(54) SEMICONDUCTOR DEVICE FITTED WITH COOLER 
(57)Abstract: 

PURPOSE; To make heat conductivity small and cool a 
semiconductor with a small current by charging at least one kind 
out of xenon, krypton, and argon into the package of a 
semiconductor device fitted with a cooler. 

CONSTITUTION: For the Peltier element 31 of a semiconductor 
device fitted with a cooler, the coldness is controlled electrically 
by an external controller which has referred to the temperature 
information from a thermistor 31. At this time, for the Peltier 
element 12. the topside is cooled, and the bottom heats. The heat 
generated from the Peltier element at the bottom is conducted to 
the case, and the heat of a chip is conducted as the conductive 
heat from the case, and besides the heat is conducted by the 
convection of the gas inside a package. But, since xenon is 
charged in the package, the conductivity of the heat inside the 
heat circuit becomes small, and the chip is hardly affected by the 
heat from a cooler, so it can be cooled with a current smaller than 
before, therefore the power consumption can be reduced. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

Bndustrial Application] This invention is invention about the semiconductor device which has a cooling 
system. In recent years, the semiconductor device is used under various severe temperature environments, 
such as space, the seabed, and underground. 
[0002] 

[Description of the Prior Art] There are some which change a property sensitively with temperature in a 
semiconductor chip, and change of the property may do the serious effect for the function. For example, in 
a semiconductor laser chip, since effectiveness is not 100%, loss of an inrush current arises and generation 
of heat of about 100 degrees C is generated by several degrees C. This generation of heat becomes the 
cause which produces change of the oscillation wavelength of a seihiconductor laser chip, change of a 
threshold current, etc. 

[0003] Moreover, also in semiconductor chips other than a semiconductor laser chip, in order to carry out 
the actuation to stability, it is desirable to suppress generation of heat and to keep the temperature 
constant Therefore, the semiconductor device equipped with the cooling system is made variously. In the 
semiconductor device which has the cooling system used conventionally, gas with an inactive property is 
closed and the reaction of a semiconductor chip and the ambient atmosphere in a package is prevented. As 
the above-mentioned gas by which closure is carried out. it is stable, and is cheap, and the easy nitrogen 
of acquisition is used. 

[0004] , 
[Problem(s) to be Solved by the Invention] In the semiconductor device which has a cooling system, when 
surrounding temperature is very high, the control unit of a cooling system increases the inrush current to a 
cooling system with the output of the thermistor which detects the temperature (or temperature of the 
neighborhood) of a semiconductor chip, in order to perform further cooling. Therefore, the calorific value of 
the cooling system itself increases, lowering of the cooling effect of a cooling system is caused, and much 
more currents are needed for cooling for realizing predetermined temperature. The increment in the 
current brings about buildup of the further generation of heat of the cooling system itself, and the vicious 
circle without limits takes place. If a vicious circle takes place as stated above, the cooling system itself 
will become out of control, and it will produce a thermal run away. That is, at the time of low temperature, 
since there are few loads of a cooling system, set a problem and there is no inside of a package, but rf it 
becomes an elevated temperature, the above thermal run aways will occur. Therefore, the security 
temperature of a general semiconductor device is defined so that the temperature which causes the ; 
above-mentioned thermal run away may not be exceeded. 

[0005] Moreover, it is required from the above-mentioned cooling system consuming much power that 
especially outside air temperature should make power consumption of a cooling system low at the time of 
an elevated temperature. In order to meet these demands, to reduce the effect of generation of heat 'from 
the cooling system to the temperature or the chip circumference of the package exterior is desired, and 
the improvement of the structure of a package has mainly been tried conventionally. (For example, refer to 
JP,2-299281,A) 

However, examination was not carried out about an ambient atmosphere. This invention makes the range of 
the security temperature of the semiconductor device which has a cooling system by changing the ambient 
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atmosphere enclosed expand, and reduces power consumption. 
[0006] 

[Means for Solving the Problem] Drawing 1 is principle drawing of this invention, [n order to realize making 
the range of the above-mentioned security temperature expand, and reducing power consum&t^o, in this 
invention In a semiconductor device with a cooling system equipped with a temperature detection means 
(3) to output temperature information to the temperature controller which measures the temperature of 
said cooling-system [ which cools a semiconductor chip (1) and said semiconductor chip (1) ] (2), and 
semiconductor chip (1) circumference, and controls the cooling temperature of a cooling system (2) At 
least one sort in a xenon, a krypton, or an argon is enclosed in the package of said semiconductor device 
with a cooling system. 
[0007] 

[Function] As shown in drawing 1 ( as a conduction path to the chip of generation of heat from a cooling 
system, two paths shown in drawing 1 are mainly considered. One is heat which conducts in a case from 
the heat source of the exoergic section of a cooling system, and is conducted through gas from a case, 
and another is heat which conducts in gas from the heat source of the exoergic section of a cooling 
system, and is conducted by the convection current of gas as the arrow head is illustrating to drawing 1 . 
[0008] The part which heat conducts by closure gas is contained in both the paths of said two heat 
conduction, and this invention person discovered that the heat conductivity of closure gas had a meaning 
important for the size of the heating value conducted for a chip. In this invention, by enclosing the low 
xenon gas, krypton, or argon of thermal conductivity based on this knowledge, the heat besides a package 
is propagation-hard for the chip in a package, and makes it it- 

[0009] According to this invention, the xenon with thermal conductivity low as closure gas, the krypton, 
and the ergon are used the thermal conductivity in 100 degrees C — the case of nitrogen — 3.09 (10-2 
W-m -1-K-1) — it is — this — receiving — the case of a xenon — the case of 0.70 (10~2 W-m -1-K-1) 
and a krypton — the case of 1.15 (10-2 W-m -1-K-1) and an argon — 2.12 (10-2 W-m -1-K-1) — it 
comes out. That is, by replacing these xenons, a krypton, and an argon with the nitrogen currently used 
conventionally, and closing them, the heat conductivity of the path of the two above-mentioned heat 
conduction can be made low, and heat conduction to the chip circumference decreases. 
[0010] For example, since the thermal conductivity near 100 degree C is about 1 in the case of nitrogen/4 
when a xenon is used for closure gas, conduction of the heat to thie chip by the heat which heat 
conduction is carried out to the case of said two paths, and is emitted from a case is set to one fourth in 
the case of nitrogen, when a krypton and an argon are used similarly, it is also the same as the ratio of the 
heat conductivity with the nitrogen — heat conduction to a ** chip can be decreased. 
[001 1] Moreover, about the heat circuit where heat conduction of closure gas is involving also except the 
conduction path of said two typical heat, the heat conducted for a chip by the heat circuit can be made 
fewer than the thing using former nitrogen. 
[0012] 

[Example] Hereafter, one example of this invention is explained. Drawing 2 and drawing 3 are drawings 
explaining one example which applied this invention to the butterfly mold laser module. Drawing 2 is the 
side-face sectional view of the butterfly mold laser module showing this invention 1 example, and drawing 3 
is the flat-surface sectional view of the butterfly mold laser module showing this invention 1 example. 
[0013] It is the semiconductor laser chip with which 11 emits light in a laser beam in drawing. 12 is a 
Peltier device which cools a chip and 31 is a thermistor for measuring the temperature on a chip. It is 
submounting which 14 carries the semiconductor laser chip 11 and is connected with the semiconductor 
laser chip 11 by the gold streak. 13 is a carrier which carries the submounting 14 which carried the : 
semiconductor laser chip 11, and a thermistor 31. 15 is a taper point ball fiber which transmits the light 
from semiconductor laser. 16 is a wrap coat about a taper point ball fiber, and 17 is a side plate. 18 is a 
bottom plate, 19 is the closed xenon (Xe) f and 20 is a top cover. 21 is a wrap rubber tube about a coat 22 
is solder which fixes a taper point ball fiber, 30 is the electrode connected with the outer lead, 32 is an 
outer lead, and 33 is a bonding wire which connects each component with an electrode. 
[0014] A side plate 17 is joined to a bottom plate 18, and a case is created. The submounting 14 and the 
thermistor 31 which carry the semiconductor laser chip 11 and are connected by the gold streak are put 
on a carrier 13. What carried said carrier 13 on Peltier device 12 is attached in the location of a request of 
a case. After performing wire bonding of each part, the optical fiber 15 inserted into the case and optical 
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coupling of the semiconductor laser chip 1 1 are performed, 

[0015] A xenon is enclosed by piecing into the ambient atmosphere of a xenon in the condition before 
attaching a top cover 20, carrying a top cover 20 subsequently, and carrying out the seam welding of this. 
Moreover, the seam welding of the xenon may be sprayed and carried out in the condition before attaching 
a, top cover 20 as an option. The semiconductor device with a cooling system is completed as mentioned 
above. Whenever [ cooling ] is electrically controlled by the control unit of the exterior where Peltier 
device 31 (cooling system) of the semiconductor device with a cooling system by this example referred to 
the temperature information from a thermistor 31 and which is not illustrated. Under the present 
circumstances, a top face is cooled and, as for Peltier device 12, an underside generates heat Conduct in 
a case and heat gets across to a chip as conductive heat from a case, and also by this example, although 
heat gets across to a chip by the convection current of the gas inside a package, since the heat generated 
from the Peltier device at the bottom is closing the xenon in a package, the thermal conductivity in the 
heat circuit becomes small, and it can expand a security temperature requirement (elevated-temperature 
side). 

[0016] Of course, even if it closes a krypton and an argon like a xenon, there is same effectiveness. In this 
example, although the Peltier device is used as a cooling system, it may not restrict to this, and other 
cooling systems may be used. 
[0017] 

[Effect of the Invention] Since at least one sort of gas is stopped among the xenon, the krypton, or the 
argon in the package of a semiconductor device according to this invention, according to the heat 
conductivity being low compared with the nitrogen which was being closed conventionally, since a chip 
cannot be easily influenced [ of generation of heat ] from a cooling system, it can be cooled with currents 
fewer than before, and power consumption is reduced. Therefore, the temperature which starts a thermal 
run away becomes high, and can offer a semiconductor device with a cooling system in a large security 
temperature requirement. 



[Translation done.] 
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CLAIMS 



[Claim(s)] 

[Claim 1] The cooling system which cools a semiconductor chip (1) and said semiconductor chip (1) (2), In 

a semiconductor device with a cooling system equipped with a temperature detection means (3) to output 

temperature information to the temperature controller which measures the temperature of said 

semiconductor chip (1) circumference, and controls the cooling temperature of said cooling system (2) The 

semiconductor device with a cooling system characterized by enclosing at least one sort in a xenon, a 

krypton, or an argon in the package of said semiconductor device with a cooling system. 

[Claim 2] The above-mentioned semiconductor chip (1) is a semiconductor device with a cooling system 

according to claim 1 characterized by being a semi-conductor light emitting device. 

[Claim 3] The above-mentioned cooling system (2) is a semiconductor device with a cooling system 

according to claim 1 characterized by being a Peltier device. 
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